S
oft tissue coverage of distal medial ankle wounds is a challenging problem in orthopedic surgery. 1 Because of the limited soft tissue and the potential for prominent hardware, tissue transfer is often required to cover defects. Traditionally, soft tissue defects of the distal medial leg that overlie tendon, bone, or metallic implants have been covered with free flap soft tissue grafts. 2 In these cases, the use of soft tissue flaps has been described to provide an adequate soft tissue envelope that is mandatory for fracture healing.
Current options for soft tissue coverage of the distal medial leg include free flaps, pedicle (rotational) flaps, and skin grafting. 3 The condition of the surrounding tissue and the location of the tissue defect dictate the type and size of flap available to the surgeon. The concept of the reconstructive ladder is a well-described principle in soft tissue coverage. 4 It dictates the stepwise escalation of wound coverage, starting with secondary intention and escalating to primary closure, skin grafting, and local flaps, with the final option of free flap coverage. A free flap procedure is technically demanding because of the need for microsurgery and the frequent need for anticoagulation and monitoring in the intensive care unit. Because of the technical requirements and intense resource use, free flap coverage is difficult outside of the tertiary care setting. The complexity of free flap coverage also contributes to the significant failure rate of this procedure, with a recent study of free flaps for lower-extremity reconstruction showing a 13% failure rate. 5 Pedicled tissue transfer is technically less demanding and does not rely on tenuous vascular anastomoses. In the medial ankle, the primary example of this technique is the sural artery flap, which is based on the work of Masquelet et al 6 on skin island flaps and the concept of the neuroskin flap. By using the superficial sural artery that runs along the sural nerve in the distal leg, a fasciocutaneous flap can be raised and transferred to the distal third of the ankle with predictable success. 7 This flap can be raised in a single procedure or in a staged manner to allow for flap maturation in higher-risk patients. 8 Delaying the flap causes local vascular dilation, leading to hyperplasia and an increase in the capacity of the local circulatory system. 9 Based on the success of the sural flap, additional rotational flap techniques were recently added to the reconstructive ladder. With improved understanding of angiosomes and the vascular supply to the skin and fascia, local fasciocutaneous flaps are becoming more common and reliable. The posterior tibial artery-based rotational, or propeller, flap has been recently described in the orthopedic literature as a viable means of medial ankle coverage. 10 With the use of Doppler ultrasound to identify a perforating artery, a fasciocutaneous flap can be raised and rotated 180° around the perforating vessel, facilitating coverage of soft tissue defects. Although both flaps have been described for a variety of wounds around the ankle region, no previous comparative study evaluated the use of these 2 flaps for a consistent, common wound often encountered by orthopedic surgeons.
The goal of the current study was to retrospectively compare the outcomes of sural and propeller pedicled flaps for coverage of the distal medial leg and ankle region. The authors reviewed the results at a single institution over 3 years and quantified the size of the defects covered, the viability of the flaps, and the nature of complications.
Materials and Methods
After institutional review board approval was obtained, the authors retrospectively reviewed the records of patients who underwent sural or propeller flap coverage for distal medial leg wounds over a 40-month period from 2009 through 2013. They identified 14 patients who met these criteria with a retrospective chart review using Current Procedural Terminology codes (15750). All procedures were performed by a single orthopedic surgeon (G.L.D.) who had fellowship training in hand surgery. All patients were older than 18 years and had a distal medial leg wound that required soft tissue coverage. The authors included patients who required soft tissue coverage as a result of acute trauma and those with subacute skin breakdown over medial malleolar fixation. Patients younger than 18 years and those with active infections were excluded. There are no standardized or validated outcome measures to assess flap success. Thus, the authors' outcome measures included flap healing as well as underlying fracture healing, flap size, further interventions, and return to normal shoe wear. The decision to perform a sural flap vs a propeller flap was based on the viability of either pedicle, the ability of the patient to be placed in the prone position, and the availability of a colleague with ultrasound expertise.
The operative technique for the sural flap starts with prone positioning of the patient. The soft tissues are initially inspected, followed by final debridement of devitalized tissue and thorough irrigation. The wound is measured, and a slightly larger tracing is made on the posterior aspect of the middle third of the calf. The standard reflection point 5 cm from the tip of the lateral malleolus, based on the most distal collateralization of the superficial sural and peroneal arteries, is used. Next the fascia is dissected circumferentially, and the sural vessel and nerve are transected proximally. If staging of the sural flap is chosen, a 2-cm skin bridge is left proximally to allow local perfusion of the skin while retrograde flow is stimulated through the sural vessel. In the staged procedure, the skin is loosely closed and negative pressure wound therapy is applied to the open wound. Several days later, after the pedicle has matured, the second stage of the procedure is performed. With the pedicle fully dissected, the skin bridge is transected and the flap is passed through a subcutaneous tunnel and sewn in place (Figure 1) . The final step in the procedure is to harvest split-thickness skin grafts from the posterolateral aspect of the thigh to cover both flap donor sites and the pedicle of the sural flap.
The posterior tibial artery-based fascial cutaneous flap is performed with the patient in the supine position. Preoperatively, a fascial perforator, just proximal to the medial ankle wound, arising from the posterior tibial artery, is identified and marked with color Doppler ultrasound. In this series, this was accomplished with the aid of a vascular surgeon with experience in vascular ultrasound (K.G.). The wound is inspected, debrided, and measured. Next the posterior tibial artery-based propeller flap is drawn out and dissected proximally to distally until the entire flap is free and the preidentified fascial perforator vessel is located. The tourniquet is deflated to ensure vascularity of the flap by identifying robust bleeding edges. The flap is then rotated 180° to cover the medial wound and sutured in place over the defect (Figure 2) .
Postoperatively, all wounds were dressed and skin grafts were bolstered in sterile cotton balls soaked in mineral oil and placed in short leg plaster splints that were left in place until the first follow-up appointment. Negative pressure wound therapy was not used on the skin graft sites in either group.
results
The authors identified 14 patients who had undergone either sural flap coverage or propeller flap coverage of medial ankle wounds between January 2009 and March 2013. Within this group there were 7 sural flaps and 7 propeller flaps. The demographic features of the 2 groups are described (Table) . The average age of patients in the sural flap group was 57 years (range, 38-71 years). The average age of patients in the propeller flap group was 50 years (range, 35-65 years). Of the 7 patients with a sural flap, 6 were men and 1 was a woman. Of the 7 patients with a propeller flap, 5 were men and 2 were women. The average size of the defect was 23 cm 2 in both groups. Although 6 of the sural flap procedures were done in a 2-stage fashion, all patients in the propeller group had coverage performed in a single stage, once the wound was deemed appropriate for coverage. The medical records were reviewed for each patient, and a list of comorbidities was identified, including long-term use of corticosteroids for rheumatoid arthritis, tobacco abuse, diabetes mellitus, coronary artery and microvascular disease, and schizophrenia. Within the sural flap group, 1 patient had long-term use of corticosteroids, 1 used tobacco, 1 was obese and had type 2 diabetes, and 1 had coronary artery disease. Within the propeller flap group, 2 patients smoked cigarettes, 2 had type 2 diabetes, 1 had coronary artery disease, and 1 had schizophrenia requiring institutionalization. The underlying fracture patterns were classified according to the AO/ Orthopaedic Trauma Association classification system and included 2 tibial shaft fractures, 7 distal tibial plafond fractures, and 4 malleolar fractures. 11 The There were no cases of full-thickness flap necrosis or flap failure. One patient in group 2 had tip necrosis of the propeller flap that resolved with local wound care.
In each case, the underlying metallic implants were retained. In all cases where osteosynthesis was attempted, fracture healing was successful. All patients had returned to normal shoe wear at their last recorded follow-up visit.
discussion
Soft tissue coverage in the distal medial leg presents a significant problem to orthopedic surgeons who must treat complex ankle deformities and fractures. The reconstructive ladder includes several viable options for coverage, including skin grafts, pedicled rotational flaps, and free tissue transfer. Often several options must be used concurrently to fully cover a complex defect. Here, the authors propose the use of local pedicled flaps as a preferable technique for providing soft tissue coverage of the distal medial ankle.
Free tissue transfer has an important role in distal leg soft tissue coverage for large, complex wounds, but it requires microsurgical skills and often costly monitoring in the intensive care unit to ensure success. In patients with compromised tissue and host healing as a result of diabetes or tobacco use, wound healing is less reliable. [12] [13] [14] Free tissue transfer may be difficult to perform outside of a tertiary care center. In the authors' experience, patients are often transferred to larger, better-equipped facilities solely for free tissue transfer when pedicled flap coverage could have been performed at the transferring institution.
At their institution, the authors have preferentially used both sural and propeller flaps to address distal medial leg wounds with good results. In this series, all but 1 flap healed without signs of partial-or full-thickness necrosis. The single flap that had a small area of partialthickness tip necrosis healed uneventfully. The findings of a low rate of complications, 0% flap loss, and 7% partial necrosis, were superior to the published rates for free tissue transfer. 5 All of the patients included in the current series had coverage of their complex wound and healing of their underlying fracture without complications or reoperation. In addition, the thin fasciocutaneous flaps allowed all patients to return to normal shoe wear.
Limitations
The current study was limited by its small sample size and retrospective nature. The literature on flap coverage is often limited by small sample sizes, and the authors believe that their series of 14 patients compares favorably. There are no validated outcome measures for flap coverage and patient satisfaction, and objective outcomes are often confounded by the underlying fracture. No standardized outcome measures were made of the orthopedic injuries because the wounds were of similar location and size, but the fracture classification and the method of osteosynthesis varied in both groups.
The maximum size of each flap and the available wound coverage have yet to be determined. However, the senior surgeon has successfully performed staged sural flaps of greater than 100 cm 2 . In this series, the largest sural flap was 56 cm 2 and the largest propeller flap was 90 cm 2 . Because of the limited blood flow through a single perforating vessel, there may be a limit to the size of flap that can be perfused, but that limit cannot be determined from this study.
This retrospective study compared 2 groups of patients with similar wounds. As such, there is a consideration of selection bias. However, both groups were similar in age and wound size. The sural fasciocutaneous flap requires prone posi- tioning, and in high-risk patients, staged or delayed treatment is recommended. The propeller perforator flap is performed in the supine position, but requires ultrasound expertise to identify an adequate perforating vessel from the posterior tibial artery. One patient in group 2 was immobilized with a halo for a cervical spine injury, so supine positioning is advantageous for patients with multiple traumatic injuries. Because both flaps are excellent options for wounds of the distal medial leg and ankle, the flap surgeon now has more options, based on individual patient needs.
Many articles on flap coverage describe a variety of wounds in patients with various conditions. This report is unique in that all wounds occurred in a single region and were of a consistent size. Wounds in this area are frequently encountered by the orthopedic surgeon treating injuries and conditions affecting this region. These flaps are thin enough to allow normal shoe wear and robust enough to allow implant retention and fracture healing. The authors believe that these 2 pedicled fasciocutaneous flaps, performed by an orthopedic surgeon without the need for microsurgery, offer excellent options for supplying well-vascularized tissue for wounds of the distal medial leg and ankle region.
conclusion
Both sural artery rotational flaps and posterior tibial artery-based rotational, or propeller, flaps are viable options for coverage of the distal medial leg. Coverage can be achieved reliably without microsurgery, anticoagulation, or monitoring in the intensive care unit. Both flaps have been shown in this series to be reliable options for distal medial coverage. Potential advantages of the sural flap include the possibility of a delayed procedure, allowing for retrograde flow and increased local perfusion as well as the ability to perform the procedure without ultrasound. Advantages of the propeller flap include the ability to perform the procedure with the patient in the supine position. At the authors' institution, the anatomic and positioning needs of the patient dictate which flap is used.
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